Twenty Karakul rams were allotted to four groups, subjected first to starvation and then allowed restricted amounts (approximately 1/3 of ad libitum intake) of a high fiber, low energy diet containing no additive (control), 5% 1,3-butanediol (BD), 10% BD, and 5% 1,2-propanediol (PD) for 6 weeks. Starvation elevated (P<.O01) serum ketones (3-hydroxybutyrate and acetoacetate) and decreased (P<.05)serum glucose. Five percent BD increased (P<.05) acetoacetate; the effect of BD on ketones was much more pronounced (P<.05) at the 10% level. BD had no effect (P>.05) on serum glucose. PD had no effect (P>.05) on ketones, but tended to increase serum glucose. Results are compared with those from other ruminant and monogastric animals.
INTRODUCTION
Synthetic compounds may be potential sources of energy. The metabolizable energy of 1,3-butanediol (BD) has been found to be 6.0 and 6.6 Kcal/g for chickens (Davenport and Griffith, 1969) and rats (Miller and Dymsza, 1967) , respectively. However, no information is available on the digestible, or metabolizable energy of BD in ruminants. The gross energy of 1,2-propanediol (PD) is about 5.8 Kcal/g (Waldroup and Bowen, 1968) . Addition of BD to rat diets increased the activity of liver and kidney gluconeogenic enzymes (Mehlman et al., 1971a; and levels of blood ketones (Nahapetian, 1971; Tobin et al., 1 Supported by a grant from the Pahlavi University Research Council. 2Department of Food Technology and Nutrition, School of Agriculture, Pahlavi University, Shiraz, Iran.
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1972). Ketotic ruminants have been treated with glucose, glucocorticoids, ACTH and propionate (Black et al., 1971) , resulting in unsuitable side effects. Both rumen microorganisms (Clapperton and Czerkawski, 1972) and mammalian tissues (Huff, 1961) convert PD to lactate and propionate and gluconeogenesis from PD has been reported (Waldo and Schultz, 1960) . BD stimulates gluconeogenic enzymes in monogastric animals, and formation of ketones in both ruminant and monogastric animals under normal feeding conditions. Therefore, it was of interest to investigate its effect on blood constituents under restricted feeding in rams which have been previously starved to elevate blood ketones. This was compared with PD which is known to be a gluconeogenic glycol, with no effect on blood ketones.
MATERIALS AND METHODS
Twenty Karakul rams, 35 to 45 kg, were housed individually, fed a high fiber, low energy diet (table 1) . BD and PD replaced barley grain on a weight for weight basis (the rations were not isonitrogenous). Animals were fed 1 kg of the control diet at 7:00 am daily for a 2-week adjustment period. Uneaten feed was removed after 3 hr and weighed. By the end of this period the rams had been trained to finish their feed. They had free access to drinking water during the entire study. After the adjustment period, they were weighed and randomly allotted to four equal groups. For 3 days all groups were fed the control diet (1 kg/d, N.R.C. recommendations for maintenance level), then fasted for 4 days. For the next 6 weeks, each group was offered 300 g per head daily of their respective test diet (30% of the N.R.C. level) from 7:00 am to 10:00 am. Following this, they were fasted for 5 more days. Finally the experiment ended with one final 300 g feeding of the appropriate diet.
Jugular blood was drawn at 4:00 pm (6 hr 1468 bAdded per kilogram finished diet the foUowing: vitamin A, 5,000 IU; cholicalciferol, 1,O00 1U; vitamin E, 1.25 IU; vitamin k 3 , 1.0 mg; vitamin B 12, 2 vg; riboflavin, 1.5 mg; nicotinic acid, 2.5 mg; pantothenic acid, 4.0 mg; choline, 2.5 mg; manganese, 25 mg; iron, 20 mg; copper, 2 mg; cobalt, .5 mg; zinc, 15 rag;and iodine, .25 milligrams.
after completion of feeding) as follows: (1) at the start of experiment (2) at the end of the first starvation period (3) weekly for the first 3 weeks of restricted feeding (4) after 6 weeks of restricted feeding and (5) 24 hr after the last feeding. Samples were immediately transferred to 25 ml bottles with teflon lined caps in ice and then stored at 4 C overnight. The serum thus obtained was transferred to test tubes and kept frozen until analysis.
Serum samples were first thawed and then deproteinized with perchloric acid (30% w/v) . Acetoacetate (AcAc) and ~-hydroxybutyrate (BHBA) concentrations were assayed by the methods of Mellanby and Williamson (1963) and Williamson and Mdlanby (1963) , respectively, using D-(-)-3-hydroxybutyric acid dehydrogenase 4 . Serum glucose was measured by the glucose oxidase method s .
Statistical comparisons of means during unrestricted feeding of the control diet (days 1 to 3) and starvation period (days 3 to 7) were tested using the T-test. A two-way analysis of variance was utilized to analyze the data of other five periods (days 7 to 55); significant interactions were found between the diets and periods for all the traits studied, therefore, pairwise tests of significance for differences between the subclass means were made by Duncan's New Multiple Range Tests (Duncan, 1955) . Data on feed consumption and body weight changes were analyzed as randomized complete block design. (30 g per day) , serum BHBA was higher (P<.05) than in animals fed either 5% BD, or control diets. There were no significant (P>.05) differences in levels of BHBA between control and PD-fed animals.
Both levels of BD increased (P<.05) serum AcAc, but the effect was much more pronounced with 10% BD. PD had no significant effect (P>.05) on AcAc levels. Statistical analysis (table 3) revealed that 10% BD increased ketones up to the third week of restriction, followed by a reduction at the end of 6-week restriction.
BD did not significantly (P>.05) affect serum glucose. However, animals fed 10% BD tended to have lower serum glucose than those fed 5%. PD tended to increase serum glucose over control and 10% BD treatments.
There were no differences (P>.05) in body weight changes and feed consumption among the experimental groups (table 4).
Discussion
Starvation elevated serum ketone bodies of rams, in contrast to the observations on nonpregnant sheep by Katz and Bergman (1966) which showed no change in blood ketones even 5 days after starvation. However, during the restricted feeding, serum ketone body concentrations in our animals fed the control diet were reduced to almost normal levels. In pregnant ewes (Katz and Bergman, 1966) blood ketone body concentrations increased markedly within the first few days of starvation. There would have been advantages in our utilizing pregnant animals, since there are increases in ketone bodies concentrations with advancing pregnancy (Karihaloo et al., 1970) . Since synchronized pregnant animals were not available, we used underfed rams, subjected first to starvation to increase ketone body production.
Both serum BHBA and AcAc concentrations were increased by BD feeding. These results support other studies in which diets with 20% BD were fed to rats (Nahapetian, 1971; Mehlman et al., 1971a; Mehlman and Veech, 1972) , 4% BD to calves (Bonner et al., 1972) and 5% BD to dairy cattle (Hess, 1971; Hess and Young, 1972) . Our highest serum ketone concentration was 1861 #moles/L (19.3 mg per 100 ml) in sheep fed 10% BD, at the third week of restricted feeding period (table 3) . This level is much lower than 46 mg per 100 ml required to produce signs of ketosis (Reid, 1960) . Our BD intake were 15 g per day on the 5% BD diet, and 30 g per day on the 10%. If the animals were fed BD diets ad libitum, the concentration of ketone bodies could have been further increased. However, ruminants fed ad libitum up to 5% BD diets Bonner et al., 1972 ) maintained normal performance despite increased blood ketones. Tate et al. (1971) and Mehlman et al. (1971b) suggested that the oxidation of BD to BHBA in rat liver cytoplasm occurs in two steps and it is catalyzed by NADqinked dehydrogenases. Romsos et al. (1974a,b) provided further evidence for this view showing an increase in the hepatic cytoplasmic NADH/NAD ratio of rats fed BD diets. The significant increases in ketone body concentrations in the present study may provide evidence for conversion of BD to BHBA in ruminants.
The increased serum ketone levels after the first meal in 5% BD fed rams is interesting, since in human adults (Kies et al., 1973) fed the same level of BD (15 g per day) for an equal period there were no such changes. Human adults were fed maintenance diets in contrast to a submaintenance ration in the present study, therefore, the differences in the results could be explained by differences in the levels of food intake. There are two additional possibilities for this finding; either in the presence of BD, the NAD-linked dehydrogenases in ruminants are more effectively stimulated than in monogastric animals, or monogastric animals utilize ketone bodies more efficiently.
Serum glucose concentration decreased (P<.05) during starvation, then in animals fed the control diet returned to near normal during restriction. In general, PD significantly increased (P<.05) serum glucose over 10% BD treatment. Since our animals were not highly ketotic, the effect of PD on blood glucose was not expected to agree with observations on highly ketotic animals Emery et al. (1967) . Feeding 3% PD to milking cows was highly effective in preventing clinical and subclinical ketosis, whereas higher levels of the compound (up to 9%) had no detectable effect in cows with normal blood glucose and ketones (Sauer et al., 1973) . Feeding BD to calves and steers improved their performance (Bonner et al., 1972) . This was not the case in our studies, since the animals were severely restricted, and as would be expected differences in body weight changes between groups were minimal. Test compounds did not affect (P>.05) feed intake. According to these data, under conditions of deprivation, BD and PD can replace at least part of the readily available carbohydrate without producing signs of ketosis, or adverse effect on animal performance.
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